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In order to deal with the change of plasma heat ﬂux,
time dependent heat ﬂux is modeled as the summation
of step-like heat ﬂux with both positive and negative
amplitude. ( q(t) ∼ ∑npi=1 q0CiH(t − ti), where H(t) is
Heaviside’s step function. ). The size of each step Ci
is determined so as that the summation of their tem-
perature response reproduces the observed temperature
variation data.( T (t) − T0 ∼
∑np
i=1 CiSi(t), where T0 is
base temperature before plasma irradiation. ) For the
response function Si(t), the simplest analytical formula
is applied.1)
The rest task to determine heat ﬂux is determine
of np coeﬃcients Ci(i = 1, . . . , np) by using ns TC data(
Tj = T (tj)−T0, j = 1, . . . , ns ). We consider the casual-
ties of the heat conduction problem and develop a new
iterative optimization method to determine each compo-
nent step-like ﬂux amplitude. At ﬁrst, it is assigned that
np = ns. This means that step like heat ﬂuxes reach
at each timing of TC data. Second, the coeﬃcient Ci is
determined so as that the residual Ti − Fi−1(ti) can be
approximated as CiSi(ti), where
Fi(t) =
{
0 (i = 1)∑i
k=1 CkSk(t) (i = 2, . . . , np)
(1)
is temperature response with previously determined
C1, . . . , Ci−1. Thus, Ci (that is the heat ﬂux at t = ti )
is determined only with the past TC data T1, T2, . . . , Ti.
So this procedure ensures the rule of causality. This pro-
cedure is, however, a little stiﬀ and small ﬂuctuation of
TC data might induce unrealistic behaivor of estimated
heat ﬂux. So we introduce the smoothing parameter M
and deﬁne
Di =
M+i∑
j=−M+i
(CiSi(tj) + Fi−1(tj)− Tj)2 (2)
with the summation only over j = −M + i, . . . , i,
. . . ,M + i. By setting ∂Di∂Ci = 0, Ci is determined as
Ci =
∑M+i
j=−M+i Si(tj)(Tj − Fi−1(tj))∑M+i
j=−M+i(Si(tj))2
(3)
Figure 1 shows the eﬀect of parameter M . Left ﬁgure is
forM = 10 and right ﬁgure is forM = 15. In both cases,
measured temperature evolution is well reproduced with
estimated Ci and T (t) = T0 +
∑np
i=1 CiSi(t), and agrees
each other in spite of the choice ofM . But when smooth-
ing parameter M is too small, estimated heat ﬂux shows
many noise or non-physical oscilation. On the other
hand, detail heat ﬂux change is lost for too large M .
In the following, we choose optimum or a little small M
value to see heat ﬂux change more clearly.
This analyzing method is applied to the thermocou-
ple( TC ) data of Hybrid Directional Langmuir Probe(
HDLP ) used in Large Helical Device( LHD )2). Plasma
heat ﬂux analysis for LHD discharges of the 14th cam-
paign is done successfully. Figure 2 shows the change in
heat ﬂux with / without plasma detachment. Although
only total heat load reduction can be seen from TC sig-
nal, deduced heat ﬂux shows diﬀerent time evolution.
NBI heating pulse lasts 3 [s] (that is t = 3.3 ∼ 6.3[s] ).
For Shot number 99252, plasma stay attachment condi-
tion and heat ﬂux keeps about half of the peak value till
t = 6[s]. For Shot number 99252, plasma detachment
occurs at t = 4.3[s]. Heat ﬂux at divertor leg starts de-
creasing at this timing and reaches zero level before NBI
pulse end.
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Fig. 1: Eﬀect of smothing parameter M . Left ﬁgure is
for M = 10. Right ﬁgure is for M = 15.
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Fig. 2: Heat ﬂux in the detachment experiment. (at-
tach: #99252, detach: #99253)
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